1. Background {#sec173383}
=============

Road traffic injuries are one of the major factors affecting public health in the world. Worldwide, road accidents cause the death of about 1.2 million people annually and are estimated to become the 3rd leading cause of deaths by 2020. This high mortality rate is not distributed evenly. Eighty-five to ninety percent of deaths due to road injuries and years of lost life occur in low- and middle-income countries despite higher vehicle ownership rates in developed countries ([@A29266R1]-[@A29266R4]).

In terms of economics, road traffic mortality is a major source of expense and loss of human resources. It is estimated that with every road traffic death, 15 and 70 people will need hospitalization and outpatient treatment respectively. The total cost of mortality and morbidity due to road traffic injuries in the eastern Mediterranean area is estimated at \$7.4 billion annually ([@A29266R1], [@A29266R5], [@A29266R6]).

Despite the possibilities for the reduction of road traffic deaths that has been reported in 88 countries, only 28 countries (with 7% of the world's population) have legislated adequately for controlling all 5 important risk factors of road injuries (i.e. speed limit, driving under the influence of alcohol, use of a seat belt, use of a helmet, and children's car seats.) Iran has regulations in only two of these areas: the use of seat belts and motorcycle helmets ([@A29266R7], [@A29266R8]).

Iran's road traffic fatality rate per 100,000 people was 22.1 in 1997, and increased to 40.5 in 2005. In that year, Iran had the highest rate of road traffic deaths among all countries that collect reliable data. This increasing trend stopped in that year; however, the rate is still unacceptably high. One factor which may exacerbate the situation is the growing number of vehicles in Iran. Vehicle ownership in Iran is estimated to grow by about 1.5 million annually, which will probably cause the increase of road traffic deaths in absence of stricter legislation and police control ([@A29266R6], [@A29266R9]-[@A29266R11]).

Yazd province is located in the center of Iran, and in 2006 and 2011 the population was 990,818 and 1,074,428 respectively. This province has the highest rate of vehicle ownership per family in Iran ([@A29266R12]).

Previous studies on this subject did not investigate data drawn from a large population, and lacked analyses of trends in road traffic deaths in consecutive years and calculations of years of life lost (YLL).

2. Objectives {#sec173384}
=============

In this study we investigated the total numbers of road traffic deaths, the road fatality rate per 100,000 people, and YLL over a seven-year period in Yazd province, the province with the most vehicles per family in Iran.

3. Materials and Methods {#sec173385}
========================

This was a descriptive case study that investigated road traffic deaths over a seven-year period retroactively. Our study population consisted of those who died due to road injuries in Yazd province between March 2004 and March 2010.

We collected our data from the death registration system of the health center in Yazd province. This system is based on data from different sources. Local health center doctors register and report deaths in their area each month using standard forms. In the international classification of diseases (ICD-10), road traffic injuries are classified under the codes V01 - V99. The provided list of deaths under specific codes was compared to reports of deaths from the national organization for civil registration and forensic department, as well as hospitals and cemeteries. Repeated items were omitted based on similarity in the victim's name and father's name, time of death, and ID number. If different causes of death were reported for the same person, we prioritized data for entering into our analysis based on reported source according to the following order: forensic department, hospital, and then local health centers. When we encountered missing or inaccurate codes in our registry, the death registry coordinator tried to revise this by calling and interviewing the responsible doctor and obtaining a verbal autopsy summary. Deceased residents of other provinces were excluded. Data on the estimated population in these years were collected from the Yazd province health center's database. Censuses were carried out by the national organization for civil registration in 1996, 2006 and 2011. In rural areas vital horoscopes' data were used to calculate the population in the years before and after national censuses. In urban areas, population was estimated by growth rate in these years. In Yazd province, the integrated health network was established in 1989, and the death registration system has been running since 2000.

Since death records include sensitive information, we analyzed the data anonymously and strongly protected information with regard to ethical considerations. We used SPSS version 16 for analyzing our data. Descriptive statistics, including means with confidence intervals, were calculated. Road traffic fatality rate per 100,000 people and YLL in each year and age group were extracted. Chi square tests were used for comparing mortality between categorical variables. P values less than 0.05 were considered significant for all tests.

We calculated YLL values using the following formula, which is based on the methodology of the disability adjusted life year (DALY) index in the global burden of disease study from 2003 with world health organization (WHO) standard life expectancies ([@A29266R13], [@A29266R14]).

YLL (3.1) = N Ce (ra) / (β + r) 2 \[e- (β + r) (L + a) \[- (β + r) (L + a) -1\] - e- (β + r) a \[- (β + r) a-1\]\]

Where:

N, Number of deceased with a certain age and gender; L, WHO Standard life expectancy of the deceased at the same certain age and gender; r, Rate of discount equal to 0.03; β, Contractual rate in the calculation of age value equal to 0.04; C, Constant number equal to 0.1658.

4. Results {#sec173386}
==========

Our study showed that during this seven-year period, 3,028 people in Yazd province died because of road injuries. This accounts for 9.1% of all deaths in this time period. The percentage of deaths in Yazd province due to road accidents has increased from 9.29% in 2004 to 10.19% in 2005; it then decreased to 7.78% in 2010. The road fatality rate in our study decreased from 47.6 per 100,000 in 2004 to 37.6 in 2010. The number of deaths and mortality rate in each year is shown in [Table 1](#tbl44009){ref-type="table"}.

###### Road Traffic Deaths, Mortality Rate and Years of Lost Life in the Seven-Year Period From 2004 to 2010 in Yazd Province, Iran

  Year    Deaths^[a](#fn47094){ref-type="table-fn"}^   Mortality Rate Per 100,000   Years of Lost Life                                
  ------- -------------------------------------------- ---------------------------- -------------------- ------ ------ ------ ------- ------
  2004    441 (9.29)                                   77.9                         14.8                 47     49.7   47.6   11122   1199
  2005    490 (10.19)                                  82.6                         19.7                 52.1   53     52.3   12434   1326
  2006    480 (10.18)                                  80.4                         18.6                 50.8   49.8   50.6   11671   1230
  2007    438 (9.3)                                    70.6                         18.5                 47.6   36.6   45.5   10888   1131
  2008    405 (8.4)                                    65.1                         16.3                 41.4   42.5   41.6   9174    941
  2009    401 (8.61)                                   64.7                         16                   42.4   36.1   41.2   9599    987
  2010    373 (7.78)                                   55                           19.2                 40     25.4   37.6   8986    906
  Total   3028 (9.1)                                   72.1                         16.2                 45.7   42.2   45.1   73874   1100

^a^Values are expressed as No. (%).

The mean age of victims in our study was 37.28 ± 22.17 (male: 37.13 ± 21.59 and female 37.95 ± 24.52) and the median age was 31 (male: 31 and female: 35). The most affected age group was those aged 20 - 24 (14.8% of all mortality). However, the highest road traffic fatality rate per 100,000 people exists in people over age 60 ([Figure 1](#fig32325){ref-type="fig"}).

![Average number of road traffic deaths/year and average road traffic fatality rate per 100,000 from 2004 to 2010 in Yazd Province, Iran, classified by age group](atr-05-02-29266-i001){#fig32325}

Among all deceased, 82.7% were men (male/female ratio, 4.8:1). This gender difference in every year is statistically significant (P \< 0.05). In 2004, the road traffic fatality rate in the male population was 77.9 per 100,000, which decreased to 55 in 2010. In the female population, however, this number increased, from 14.8 in 2004 to 19.2 in 2010 ([Table 1](#tbl44009){ref-type="table"}). In other words, the male-to-female ratio decreased from 5.26 to 3.56 in this period. The trends in road traffic fatalities for each sex are shown in [Figure 2](#fig32326){ref-type="fig"}.

![Trends in Road Fatality Rate Per 100,000 in Each Sex Over the Seven-Year Period From 2004 to 2010 in Yazd Province, Iran](atr-05-02-29266-i002){#fig32326}

About 83% of the deceased lived in urban areas (urban to rural ratio, 4.7:1). Over the course of the study period, the decrease in the fatality rate per 100,000 people in rural areas (from 49.7 to 25.4) was more remarkable than that of urban areas (from 47.0 to 40.0) ([Table 1](#tbl44009){ref-type="table"}).

Investigation of the trend in road traffic deaths by month reveals an interesting pattern. Road traffic deaths peak during the summer. The fewest road traffic deaths occur in the winter (P \< 0.001). In our monthly analysis, after a low rate in the first months of winter, the number of death events began to rise in March and peaked in September. The differences in the number of deaths between seasons and months were statistically significant (P \< 0.001) ([Table 2](#tbl44010){ref-type="table"}).

###### Road Traffic Deaths Classified by Season and Month Over the Seven-Year Study Period (2004 - 2010) in Yazd Province, Iran

  Road Traffic Deaths                                            No. (%)
  -------------------------------------------------------------- ------------
  **Season of event** ^**[a](#fn47095){ref-type="table-fn"}**^   
  Spring                                                         835 (27.4)
  Summer                                                         863 (28.4)
  Autumn                                                         746 (24.5)
  Winter                                                         584 (19.2)
  **Month of event** ^**[b](#fn47096){ref-type="table-fn"}**^    
  January                                                        195 (6.4)
  February                                                       164 (5.4)
  March                                                          262 (8.6)
  April                                                          261 (8.6)
  May                                                            270 (8.9)
  June                                                           259 (8.5)
  July                                                           295(9.7)
  August                                                         284 (9.3)
  September                                                      301 (9.9)
  October                                                        259 (8.5)
  November                                                       242 (8.0)
  December                                                       236 (7.8)

^a^Chi square: 62.58; P \< 0.001.

^b^Chi square: 68.26; P \< 0.001.

Total YLL in our study was 73,875 over this seven-year period (60,337 and 13,489 for men and women respectively). This indicator decreased from 11,122 in 2004 to 8,986 in 2010. The highest YLL (12434 years) was seen in 2005. YLL values for all years are shown in [Table 1](#tbl44009){ref-type="table"}. The highest YLLs were in age groups of 20- 24, 15 - 19 and 25 - 29 respectively. The lowest male-to-female ratio was in the age groups of 0 -4 and 5 - 9 years (male/female: 1.22 and 1.9); this ratio rises sharply (to 10.91) in the 15 - 19 year old age group ([Figure 3](#fig32327){ref-type="fig"}).

![Years of lost life and male-to-female ratio classified by age group in Yazd Province, Iran, over the seven-year study period, 2004 -- 2010](atr-05-02-29266-i003){#fig32327}

5. Discussion {#sec173388}
=============

The highest rate of motor vehicle ownership per family in Iran is seen in Yazd province according to the statistical center of Iran ([@A29266R12]). This confirms the necessity of specific and appropriate preventive measures on the basis of reliable studies. This research is a descriptive study that investigated road traffic deaths in Yazd and found significant trends in death rates in association with gender, age group, place of residence and month/season of traffic event. Our analysis included the more than 3,000 deaths and 73,000 YLL due to road traffic accidents reported in Yazd province between 2004 to 2010.

The proportion of deaths in Yazd province due to road traffic accidents decreased from 9.29% in 2004 to 7.78% in 2010. The road fatality rate in this period also decreased from 47.6 to 37.6 per 100,000. The overall road traffic fatality rate in Iran experienced a similar decrease during this time (from 38.2 to 31.1). This reduction can mainly be attributed to new, stricter police regulations all over the country. The main interventions in 2005 were laws making the wearing of seat belts and motorcycle helmets mandatory, intensification of traffic laws, and production of mass media educational programs ([@A29266R8], [@A29266R9], [@A29266R15]).

A comparison between the road fatality rates of Yazd and Iran and global reports reveals a remarkable difference. Despite the considerable decrease of traffic deaths in Yazd, the total number compared to Iran (32.9), eastern mediterranean region (21.3), and the world (18.03) is still unacceptably high ([@A29266R7], [@A29266R9], [@A29266R16]). Only 6 countries, including Iran, reported a road accident mortality rate of more than 38 per 100,000 people in 2007, and the number of these countries dropped to 3 (including Iran) in 2010 ([@A29266R2], [@A29266R7]).

The higher road fatality rate in our study may be partially explained by the type and number of vehicles in this area. Due to a lack of safety equipment in two-wheeled vehicles, especially motorcycles, the death risk for their drivers compared to car passengers is much higher ([@A29266R17], [@A29266R18]). According to the 2011 census in Iran, the prevalence of car ownership in Yazd is 58%, which is much higher than the rate in the whole country (42%). But, the prevalence of motorcycle ownership is even higher value compared to the rest of the country (57% vs. 22%) ([@A29266R12]). So both the amount and type of vehicles in this area may be partly responsible for the higher rate of road traffic deaths in our study. These different rates may be attributed to cultural reasons in addition to socioeconomic status.

In our investigation period, 82.7% of all people who died in road traffic events were men, and this statistically significant gender difference was seen every year (P \< 0.005). In the eastern mediterranean region 75% of road traffic casualties are men (male/female ratio, 3:1) ([@A29266R7]). Male dominance in road traffic deaths has been seen in similar studies in Yazd ([@A29266R19]), other provinces of Iran ([@A29266R9], [@A29266R20]-[@A29266R22]), and other countries ([@A29266R7], [@A29266R15], [@A29266R23]-[@A29266R25]). This gender difference can be attributed to the increased susceptibility and exposure of men due to specific occupational, cultural, and social properties.

In spite of the reduction of the road traffic fatality rate per 100,000 men (from 77.9 to 68.5), which is consistent with the trend seen in the national data (from 55 to 52.3), the road traffic fatality rate per 100,000 in the female population increased from 14.8 to 19.2 over our study period. Other studies in Iran showed an increasing ([@A29266R10]) or constant ([@A29266R9]) rate the in female population after 2005. Probable causes of this inconsistency are the increasing involvement of women in activities outside the home and increased numbers of female drivers in local populations ([@A29266R10], [@A29266R20]).

The majority of road traffic deaths (57%) occur in people aged 15 - 44, which is the active age group for national productivity and economic growth. In the eastern mediterranean region 60% of road traffic deaths occur in this age group ([@A29266R7]). The most affected age groups in other studies conducted in India (ages 18 - 37) ([@A29266R26]), China (18 - 30) ([@A29266R27]), and Thailand (16 - 25) ([@A29266R28]) are similar to the findings of our study ([@A29266R20]-[@A29266R24]). This is probably due to the higher involvement in road transportation, greater tendency toward high-risk activities and lower willingness to follow the traffic rules in these age groups.

The overall number of deaths in older people is less than that of youths; proportionally, though, the highest road traffic fatality rate per 100,000 is seen in elderly people. This is consistent with other studies in Iran ([@A29266R29], [@A29266R30]). Another study in China reported a fatality rate in people above 65 twice as high as the rate in younger people ([@A29266R31]). The smaller total population of elderly people, in addition to their reduced physical tolerance for injury, can explain this higher age-specific mortality rate.

In investigation of seasonal and monthly time trends, the most deaths occurred in summer, and especially September (P \< 0.001). This pattern is also seen in other studies in Iran ([@A29266R10], [@A29266R32], [@A29266R33]). This trend in traffic deaths is attributed to an increased level of road travel by car in these times, and highlights the need for more preventive measures in this period of the year. In a study in China, more fatalities due to road accidents are reported in autumn and winter ([@A29266R34]). This may be because of the different cultural traditions and climates in each region, which determine the season of most road travels.

As is shown in [Table 1](#tbl44009){ref-type="table"}, incidents of road traffic deaths in the first years of our investigation were a little higher in rural areas. Despite the smaller amount of vehicles in rural areas, the risk of road traffic deaths in these areas still remains high. This disparity in road traffic death rates can be explained by the lack of safety on rural roads, lower level of expertise of rural drivers, and lack of safety in farm vehicles used for transportation in rural areas. More rural road traffic deaths are also reported in studies done in China ([@A29266R34]) and Ireland ([@A29266R35]). However, in our study the trend of reductions in road traffic deaths during the years under investigation was more considerable in rural areas and resulted in less road fatalities in the final years of our study (from 49.7 to 25.4 \[rural\] vs. 47 to 40 \[urban\]).

Our study did have some limitations. The national census, which was the basis for the estimation of population by health centers, was conducted in 1996, 2006, and 2011. The population between these years has been estimated by local data on births and deaths by health centers. Lack of exact information about annual immigration is a limitation in the estimation of the population in these years. Also, we did not analyze the deaths per 10,000 vehicles index.

5.1. Conclusion {#sec173387}
---------------

A decrease in the road traffic fatality rate after 2005 can be attributed to effective interventions by legislative organizations, police and mass media. In spite of the reduction in road traffic deaths, Yazd province has one of the highest road traffic fatality rates in Iran and world. These findings can serve as a basis for health care professionals and policymakers to implement more preventive measures, especially during summer vacations. Regarding the increasing female road traffic fatality rate, we also suggest that future studies about patterns of risk-taking behaviors in female population be conducted and specific interventions be developed to counter these behaviors.

Analysis of the causes of road traffic deaths needs other studies addressing safety indices of vehicles and roads, velocity of vehicles, and individual risk-taking behaviors such as consumption of alcohol and drugs and mobile phone use.
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